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Relation between nicotine intake and Alzheimer's disease

Cornelia M van Duijn, Albert Hofman

Abstract
Objective-To study the association between

Alzheimer's disease and nicotine intake through
smoking.
Design-Population based case-control study.
Setting-City of Rotterdam and four northern

provinces ofThe Netherlands.
Subjects- 198 patients with early onset

Alzheimer's disease, 198 controls matched for age
and sex, and families of 17 patients in whom
Alzheimer's disease was apparently inherited as an
autosomal dominant disorder.
Main outcome measures-Age of onset of

dementia, relative risk of Alzheimer's disease.
Results-89 of 193 patients with Alzheimer's

disease had a history of smoking compared with 102
of 195 controls. Among the patients and controls
with a family history of dementia, smoking was
significantly less common in those with dementia
(40/95 with dementia v 55/96 controls; relative risk
0-35; 95% confidence interval 0-16 to 0.78). The risk
of Alzheimer's disease decreased with increasing
daily number of cigarettes smoked before onset of
disease (relative risk 0 3 in those smoking >21/day
v 1 in non-smokers). In six families in which the
disease was apparently inherited as an autosomal
dominant disorder, the mean age of onset was 4-17
years later in smoking patients than in non-smoking
patients from the same family (p= 0 03).
Conclusions-These findings suggest an inverse

association between smoking and Alzheimer's
disease, although smoking cannot be advocated for
other health reasons. We speculate that nicotine
may have a role in the aetiology of both Alzheimer's
disease and Parkinson's disease.

Introduction
Alzheimer's disease and Parkinson's disease have

been suggested to have a common aetiology.'13 These
neurodegenerative disorders share several pathological
and neurochemical characteristics. Lewy bodies, one
of the hallmarks of Parkinson's disease, are often
observed in Alzheimer's disease.' 2 The Alzheimer type
pathology is found more often in patients with advanced

idiopathic Parkinson's disease than in the general
population. In most studies of Parkinson's disease,
patients have been observed to smoke less than control
subjects.4 There is also some evidence that nicotine
may improve information processing and attention in
patients with Alzheimer's disease,67 which suggests
that nicotine may have a protective role in Alzheimer's
disease. To test this idea we studied smoking habits
before the onset of dementia in patients with
Alzheimer's disease and controls as part of a genetic
and epidemiological study of Alzheimer's disease
carried out in The Netherlands.

Subjects and methods
The study comprised all patients with Alzheimer's

disease living in two areas ofThe Netherlands in whom
the disease was diagnosed before the age of 70 and
during January 1980 to July 1987. Ascertainment of
patients and controls has been described in detail
elsewhere.8 For this study the diagnosis of Alzheimer's
disease was verified independently and all patients
fulfilled the criteria for clinical diagnosis ofAlzheimer's
disease of the National Institute of Neurological and
Communicative Disorders and Stroke and the
Alzheimer's Disease and Related Disorders Association
(NINCDS-ADRDA).9 Dementias other than
Alzheimer's disease, such as multi-infarct dementia
and dementia secondary to alcoholism, depression,
metabolic disorders, epilepsy, and other conditions,
were excluded. Patients with symptoms of Parkinson's
disease before the onset of Alzheimer's disease were
also excluded.
The inclusion criteria for patients were: a score on

the clinical dementia rating scale of more than 0 5"'; a
score on the short portable mental status questionnaire
of less than 20 (out of 30)"; a score of seven or less on
the Hachinski scale'2; no evidence of abnormalities on
computed tomography other than cerebral atrophy;
and no evidence of focal dysfunction on electro-
encephalography. For each patient, a control matched
for age (within five years) and sex was selected
randomly from the population registry of the muni-
cipality where the patient lived.

Based on patients' family history of dementia
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Alzheimer's disease was classified as sporadic (in those
with no first degree relatives with dementia) or familial
(in those with one or more first degree relatives with
dementia). We examined the pedigree of the families
of patients for consistency with autosomal dominant
inheritance of Alzheimer's disease. The criteria for
autosomal dominant inheritance were at least three
family members with reported dementia in two
generations and at least two members with detailed
records with the clinical diagnosis of Alzheimer's
disease. All the relatives of the patients in whom the
disease was apparently inherited as an autosomal
dominant disorder were screened for dementia.'I Data
on smoking habits and risk factors for Alzheimer's
disease were collected for affected and unaffected
relatives.

DATA COLLECTION

We obtained information on putative risk factors for
Alzheimer's disease by a structured interview of the
next of kin of the patient. To assure symmetry in data
collection we also obtained information on the control
subject from the next of kin. As aetiological factors
were studied questions referred to exposure of the
patient before the onset of dementia. Age of onset was
defined as the age at which memory failure or changes
in behaviour were first noted. For controls a "reference
age" was defined on the basis of the age of onset of
Alzheimer's disease in the matched case. Patients were
classified as non-smokers if they had never smoked
before the onset of disease and as smokers if they had
ever smoked. Controls were classified similarly based
on their smoking habits before the reference age. For
smokers the number of cigarettes smoked daily was
asked for each period they had smoked. As a measure
of the lifetime cigarette exposure, the number of pack
years was calculated by multiplying the number of
cigarettes smoked a day (in packs) and the duration
of cigarette use (in years). Data on smoking history
were not available for five patients and three control
subjects.
The disease history of patients and controls was

evaluated by closed questions with additional open

TABLE i-History ofdementia and Parkinson's disease in first degree relatives ofpatients with Alzheimer's
disease and matched controls'

Relative risk (95% confidence interval)

Patients (n= 198) Controls (n= 198) Crude Adjusted*

Dementia:
Family history 96 37 4-12 (2-61 to 6 43) 4-32 (271 to6f82)
No family history 102 161

Parkinson's disease:
Familyhistory 14 5 2 90(1-14to8 29) 2 90(1l11 to8-49)
No family history 184 193

*Adjusted for age, sex, area of residence, and number of first degree relatives by conditional regression analysis.

ended questions about medical treatment and admis-
sion to hospital. Full pedigree information on dementia
and Parkinson's disease was obtained. All first degree
relatives were listed, and we asked specifically about
the occurrence of dementia and Parkinson's disease in
them. To increase the validity of these data the
information on family history was verified by a second
first degree relative. If the patient had been admitted to
hospital the diagnosis was checked in independent
medical records.8

DATA ANALYSIS

We assessed the strength of the association between
Alzheimer's disease, smoking, and other putative risk
factors by the odds ratio as an estimate of the relative
risk. 3 Relative risks are presented with 95% confidence
intervals. Smoking was significantly correlated with
alcohol intake (r=0 34; p=0 04) in controls, and we
therefore used conditional logistic regression analysis
to take alcohol consumption as well as sex and age into
account. Modification of the relation between smoking
and Alzheimer's disease by the established risk factors
age, sex, and family history of dementia was tested. As
there was a significant interaction between smoking
history and family history of dementia (p=0 02), we
stratified all analyses for family history of dementia.
Trends in risk for Alzheimer's disease by categories of
smoking were tested by the Mantel test for trend."
The Hachinski score was used to exclude patients

with multi-infarct or vascular dementia.'2 This scale
effectively excludes patients with evidence of athero-
sclerotic cardiovascular disease. Because smoking is
associated with cardiovascular disease this may have
resulted in lower smoking rates in patients with non-
vascular dementia-that is, Alzheimer's disease. To
control for this possible bias we performed a separate
analysis in which all patients and all controls with a
history of atherosclerotic cardiovascular disease,
including coronary heart disease, stroke, and hyper-
tension, were excluded.

Results
Information was available on 198 patients (98% of

the 201 patients eligible for this study). Of the 198
patients with Alzheimer's disease, 74 were men and
124 women. The mean (SD) age of onset of the disease
was 56 3 (6 0) years in men and 57-1 (4-0) years in
women. Among controls the first person asked
consented in 103 cases, the second person in 68, the
third in 23, and the fourth in four.

Table I shows the family history of dementia and
Parkinson's disease of the patients with Alzheimer's
disease and their controls.8 Of the patients with
Alzheimer's disease, 96 (48%) had at least one first
degree relative with dementia, compared with 37

TABLE II-History of smoking* before the onset of dementia in patients with Alzheimer's disease and matched controls, stratified for history of
dementia in first degree relatives

All subjects Subjects without atherosclerotic cardiovascular diseaset

Relative risk Relative risk
(95% confidence interval) (95% confidence interval)

Patients Controls Patients Controls
(n= 193) (n= 195) Crudet Adjusted5 (n= 146) (n= 122) Crudet AdjustedS

Family history of dementia:
Smoked 40 55 0-54 (0-31 to 0-96) 0-35 (0-16 to 0-78) 27 41 0-28 (0-14 to 0 59) 0-16 (0-06 to 0 45)
Never smoked 55 41 44 19

No family history of dementia:
Smoked 49 47 1 11 (063 to 193) 119(0-63 to 225) 42 32 1 19(0-61 to2-34) 1-66(0-67to4 13)
Never smoked 49 52 33 30

All patients:
Smoked 89 102 0-78(052to 1-16)070(043to 1 15) 69 73 0-60(037to098)0-61 (0-31 to 1 19)
Never smoked 104 93 77 49

*Data were missing for five patients and five controls
tAll patients and controls with a history of coronary heart disease, stroke, or hypertension were excluded.
tBased on unmatched analysis.
5Adjusted for age, sex, residence, and intake of alcohol by conditional logistic regression analysis.
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TABLE iII-Number of cigarettes smoked daily by patients with Alzheimer's disease and matched controls stratifiedfor history ofdementia in first
degree relatives.

All subjects Subjects with family history of dementia

Relative risk Relative risk
(950/0 confidence interval) (95% confidence interval)

Patients Controls Patients Controls
No of Cigarettes/day (n= 193) (n= 195) Crude* Adjustedt (n=95) (n=96) Crude* Adjustedt
0 104 93 1 1 55 41 1 1
1-10 47 46 0 91 (0 56 to 1-50) 0-79 (0-46 to 1-34) 20 25 0 60 (0-29 to 122) 0-46 (0-20 to 1-06)
11-20 27 30 0-80 (0 45 to 1I45) 0 59 (0-29 to 1-21) 13 16 0-61 (0-26 to 1 40) 0 34 (0l11 to 105)
-21 15 26 0-52 (0-26 to 1-03) 0-39 (0l17 to 090) 7 14 0-37 (0-14 to 1-00) 0- 18 (0 05 to 0-69)
X? for trend 525;p=0 022 7-33;p=0007

*Based on unmatched analysis.
tAdjusted for age, sex, residence, and intake of alcohol by conditional logistic regression analysis.

(19%) ofthe controls (relative risk 4-32; 95% confidence
interval 2 71 to 6-82). Significantly more patients with
Alzheimer's disease than controls had a first degree
relative with Parkinson's disease (2 90; 1 11 to 8 49).
Fewer patients with Alzheimer's disease smoked

than did control subjects (table II). A significant
inverse association with smoking was found in patients
with familial Alzheimer's disease (those with one or
more first degree relatives with dementia), whereas
there was no evidence for an association with smoking
in patients with sporadic Alzheimer's disease.
The inverse association between familial Alzheimer's
disease and smoking remained after restricting the
analysis to patients and controls without a history of
atherosclerotic cardiovascular disease (0-16; 0-06 to
0-45).
A negative trend for smoking was observed when

comparing patients with Alzheimer's disease and
controls: the risk of Alzheimer's disease decreased as
the number of cigarettes smoked daily increased (table
III). After exclusion of patients and controls with a
history of atherosclerotic cardiovascular disease, the
relative risks of Alzheimer's disease for smoking 1-10,
11-20, and more than 20 cigarettes daily were 0-81
(0 44 to 1-49), 0-67 (0-34 to 1-32), and 0-26 (0O11 to
0-61), respectively. A similar trend was observed when
comparing patients and controls for the number of
pack years they had smoked. The relative risk of
Alzheimer's disease was 0-38 (0-13 to 1-10) for those
who had smoked for 1-10 pack years, 0-29 (0-08 to
0-98) for 11-30 pack years, and 0-22 (0-06 to 0-77) for
more than 30 pack years.
The families of 17 patients had a pedigree consistent

with autosomal dominant inheritance of Alzheimer's
disease. In these families 18 (33%) of the 56 affected
siblings had smoked, compared with 73 (67%) of the
109 unaffected siblings (0-27; 0-11 to 0 67). To test
whether smoking history modified the onset of disease,
we used the data on six families in which there were
patients with Alzheimer's disease who had smoked and
patients with Alzheimer's disease who had never
smoked (table IV). There was a significantly later onset
of 4-17 years in patients who smoked compared with
non-smoking patients from the same family (standard
error of the difference 1-35; p=0 03).

TABLE iv-Mean age ofonset and history ofsmoking in six families with autosomal dominant inheritance of
Alzheimer's disease

Non-smokers Smokers

Mean (range) age Mean (range) age
Family No with Alzheimer's disease of onset (years) No with Alzheimer's disease of onset (years)

1005 3 55 (50 to 60) 2 62 (61 to 62)
1011 1 62 1 62
1066 3 39 (38 to 49) 2 45 (41 to 49)
1072 1 58 1 63
1083 4 57(55 to 63) 1 57
1125 1 51 58

All families 13 54 (38 to 63) 8 59(41 to 63)

The clinical diagnosis of Alzheimer's disease was confirmed at necropsy in two patients in family 1066 and one
patient in family 1072.

Discussion
We observed a strong inverse relation between

smoking and Alzheimer's disease. The association was
restricted to patients with a family history of dementia
and was independent of cardiovascular history and
potential confounding variables such as age, sex, and
alcohol consumption. The risk of Alzheimer's disease
decreased as the number of cigarettes smoked daily
increased. Within families in which Alzheimer's disease
was apparently inherited as an autosomal dominant
disorder we observed that the onset of Alzheimer's
disease was later in smoking patients than in non-
smoking patients. We also found familial aggregation
of Parkinson's disease with Alzheimer's disease, even
though patients with Alzheimer's disease who had a
history of Parkinson's disease were excluded.8

Before interpreting these findings, we would like to
raise some methodological issues. At present it is
not possible to distinguish between patients with
Alzheimer's disease primarily of genetic origin and
those with disease primarily of environmental origin.
We have therefore classified patients on the basis of
their family history ofdementia, assuming that patients
with a family history are more likely to have disease of
genetic origin. This has probably introduced mis-
classification because relatives ofpatients with sporadic
disease may carry the gene and express the disease later
in life, whereas familial aggregation of Alzheimer's
disease may be due to clustering of patients with
non-genetic disease. The most likely effect of this
misclassification is that it has made patients with
familial and sporadic disease more similar. The
difference in risk between familial and sporadic
Alzheimer's disease may therefore be larger than we
have reported.

Another methodological issue concerns data
collection. Although we measured smoking habits in a
symmetrical way in patients and controls,8 there is a
possibility of bias: the non-response within the control
group may have been associated with smoking, and
relatives of patients with Alzheimer's disease may have
underreported smoking habits. We consider it less
likely, however, that these types of bias have occurred
only in patients with a family history of dementia or
their matched controls. As we observed no association
of smoking with sporadic Alzheimer's disease the
association with familial Alzheimer's disease is unlikely
to be fully explained by these sources ofbias. Moreover,
the comparison of age of onset between smoking and
non-smoking patients largely overcomes the bias to
which comparisons of patients with control subjects
are prone.
Another possible source of bias is that the survival

rate may have been higher in patients who did not
smoke than in those who did. However, the association
between smoking and familial Alzheimer's disease
remained significant after excluding all patients and all
controls with a history ofatherosclerotic cardiovascular
disease, the commonest competing cause of death.
Also, the finding of a later onset of disease in smoking
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patients compared with non-smoking patients argues
against a clear effect of lower survival among smoking
patients.
A final point concerns the uncertainty in the clinical

diagnosis ofAlzheimer's and Parkinson's diseases. The
validity of the diagnosis of dementia and Parkinson's
disease in relatives of patients has been discussed
elsewhere.' For all patients and controls the data on
family history were confirmed by a second first degree
relative. The diagnosis of Parkinson's disease could be
confirmed by independent medical records for 11
patients (79%) and four controls (80%).

Previous studies of the association between
Alzheimer's disease and smoking have yielded
equivocal results. 14-26 Two studies reported that
smoking increased the risk of Alzheimer's disease,1924
but in three studies a significant inverse relation was
suggested.'422 21 Pooling of the data from all formal
case-control studies, however, resulted in a significant
inverse association (relative risk=0 78; 95% confidence
interval 0-62 to 0-98).' Our study comprised
twice as many patients as the earlier investigations and
therefore allows more careful analyses of subgroups
and possible sources of bias.
Most studies of cigarette smoking and Parkinson's

disease have also reported a protective effect of
smoking.4 The mechanism underlying the association
of smoking with Alzheimer's disease and Parkinson's
disease is unclear. In both Alzheimer's disease and
Parkinson's disease the number of nicotinic receptors
is reduced.21 29 Decreased binding to nicotinic receptors
has been linked to pathological changes characteristic
of Alzheimer's disease. 33' Nicotine has been reported
to increase the density of nicotinic receptors in the
brain. '2 Nicotine from cigarette smoke may compensate
for the loss of nicotinic receptors in Alzheimer's disease
and Parkinson's disease and thus postpone the onset of
disease. However, preclinical changes in nicotinic
receptors in patients with Parkinson's disease and
familial Alzheimer's disease may have resulted in a loss
of desire to smoke in these patients.2' The lack of
association in patients with sporadic Alzheimer's
disease suggests that smoking may be involved only in
a mechanism of primarily genetic origin.
Our findings have two implications: firstly, they

suggest heterogeneity between familial and sporadic
Alzheimer's disease, and, secondly, they suggest a link
between Parkinson's disease and familial Alzheimer's
disease. Although the association of smoking with
familial Alzheimer's disease and Parkinson's disease
may be explained by shared pathological characteristics
of different aetiology, the familial aggregation of
Alzheimer's disease and Parkinson's disease supports
the view of a joint pathogenesis. Both findings point to
a genetic link between the disorders. For Parkinson's
disease as well as familial Alzheimer's disease, it has
been suggested that genetic and environmental factors
may be implicated." "I

Our finding of an inverse association between
smoking and Alzheimer's disease should be interpreted
with caution as it is not confirmed by prospective
studies. Although the association is compatible with a
protective effect of smoking for familial Alzheimer's
disease, it has no relevance for prevention of Alzhei-
mer's disease because of the adverse health effects of
smoking. These findings may lead to interesting
speculations, however, about why both familial
Alzheimer's and Parkinson's disease may be inversely
related to smoking. They may further suggest a joint
aetiology of these disorders.
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